In the last decades, according to researches of scientists of the world becomes more evident that the global and regional climate changes impact on the water regime of rivers and leads to break of the stationarity of observations series. In this study we analysed the long-term (since the beginning of the observations to 2012) average annual flow of the Southern Buh River Basin (37 gauging stations) and its cyclical fluctuations during a long period of time. The methodological approaches based on the using of hydro-genetic methods for estimation the homogeneity and stationarity of hydrological series were used. We researched that series of observations are homogeneous and stationary. However, not all series of observations were representative for determination of the stable average value. The presented results illustrate that the long-term fluctuations of the average annual flow at all gauging stations is synchronous. Therefore, the climatic conditions of the flow formation are homogeneous. However, these fluctuations are not always synchronous phase. We found out that the average annual flow in this basin fluctuates and has decreasing trend in the last decade. It is due to cyclical fluctuations of the river flow. We calculated the statistical parameters for all gauging stations.
INTRODUCTION
Stationarity is predicated upon an assumption that the generating process is in equilibrium around an underlying mean and that variance remains constant over time (Matalas, 1997; Gorbachova&Khrystyuk, 2014; Murphy&Ellis, 2014) . Various studies have demonstrated that global and regional climate changes have impact not only on water resources (Vehviläinen&Huttunen, 1997; Arnell, 1998; Mimikou et al., 2000; Dery, 2005) , but also cause to the break of the stationary processes in the river flow formation (Ovcharuk et al. 2010 , Zhang et al. 2014 . Therefore it is necessary to begin any investigation of flow by verification of selected data on the homogeneity and stationarity. Such investigations are utmost importance in modern designing or construction (based on the calculation of the hydrological characteristics of the past period) of various hydraulic structures, because reliability and economic efficiency of this structures depends on the homogeneity and stationarity of output data (Prosdocimi et al., 2014; Daniell&Daniell, 2006) .
Along with stationarity it is important to investigate the features of fluctuations of the hydrological cycle of the river, because the annual values of flow is continuously changing each year. These changes occur around some average value (normal), have a cyclical and should be taken into account when determining the calculated values of the flow (of water resources). The understanding and estimation of the cyclical fluctuations of the river flow can provide clues for future prediction and water management calculations (Arnell, 1992; Zeng, 1999) . The ability to predict changes of flow would save considerable of material resources in the construction and operation of the hydraulic structures and take the necessary measures in advance to prevent the catastrophic floods (or drought).
The cyclicality of the long-term fluctuations of the flow means change of the water flow characterized by alternating wet and dry phases of the different length and different size deviation from the mean of long-term flow for the review period (Williams, 1961; Pecarova, 2003) . The cyclicity of flow has its features. The cycles can differ the duration and degree of deviation from the mean. The periods of wet years are changing dry and conversely, and, so are formed the cyclical fluctuations. Some cycles are more clearly, and in others on general background of wet years are some dry years or small groups of dry years, or convercely, in the dry cycle are wet years. For the same climatic conditions and similar geographical landscape elements in closely located of the river basins of the water discharge fluctuations are usually synchronous. However, due to various synoptic processes (the inhomogeneity of rainfall on the territory and in time, the variety of forms of relief and soils of watershed) appropriate flow changes of the various rivers can be disturbed. Because the water discharges of some years, depend on the above-indicated factors, which determine various character of rivers' regime and the role of individual power sources, analysis of cyclical fluctuations in water discharge appropriate to carry out in dry and wet phases.
The researches of the dynamics of the long-term fluctuations of the flow involves not only an analysis of its cycles, but also covers such important aspects as the synchronicity or asynchronicity (match or mismatch fluctuations of flow individual years in various rivers) and synchronicity phase or asynchronicity phase (match or mismatch of phase increasing or decreasing of values of the water discharge in various watercourses) of flow (Yevjevich, 1977; Xue et al., 2016) .
In this paper, the average annual flow of the river Southern Buh was investigated. The study of changes in hydrological long-term time series of this river are actual task, because the river has significant importance in many economic sectors of Ukraine. Its water is widely used for hydropower (13 small hydropower plants), industrial and municipal water supply, agriculture, irrigation, shipping, tourism, etc. The average mineralization of the river water is 300-500 mg/l. Southern Buh Basin is different from other large rivers of Ukraine in that it is very overregulated by reservoirs (6929 ponds and 200 water reservoirs) that accumulate from 20 to 70% of the local flow (Palamarchuk and Zakorchevna, 2006) . Furthermore, the river valley is an important recreational area. So, the goal of this paper is to estimate and analyze homogeneity, stationarity and cyclical fluctuations of the average annual flow of the Southern Buh. It will allow to reveal possible changes in the characteristics and properties of the average annual flow and to analyze reasons for these changes. The main tasks of the research are: (i) the restoration of the data of observations in some years (gaps in observations) with method of the linear regression; (ii) the estimation of the homogeneity and stationarity of the long-term fluctuations of the average annual discharges over time; (iii) the analysis of the cyclical fluctuations of the average annual discharges, their synchronicity (asynchronicity) and synchronicity phase (asynchronicity phase); (iiii) the determination of the statistical hydrologic characteristics of the average annual flow of the rivers.
MATERIAL AND METHODS

Study area
Southern Buh River is located in the boreal area of southwestern and south-central Ukraine (Figure 1 ) (Encyclopedia Britannica 2011) .
The length of the river is 806 km, and the area of its drainage basin is 63 700 km². Its basin is located entirely within country. It refers to the number of large rivers of the Black Sea basin. The source of the river is in the west of Ukraine, in Volyn-Podillia Upland (49°37′52″N; 26°25′43″E) near the village Holodec, Khmelnytsky region at an altitude of 321 m above sea level, about 145 km from the Polish border, from where it flows southeasterly into the Dnieper-Buh estuary (46°59′11′′N; 31°58′46″E) of the Black Sea, through the southern steppes (Ukraine Geographic Encyclopedia, 1993) .
The climate of the upper and the middle part of the basin is moderate continental. The climate of the southern regions is influenced by the Black Sea and it becomes dry in the lower part of the river. A considerable length of the basin from northwest to southeast causes noticeable differences in the distribution of air temperatures. Mean annual air temperature increases from +7,1 °С in upper part (Khmelnytskyi city) to +10,0 °С in lower part of the catchment (Mykolayiv city). The coldest month is January with average temperatures of -5,5 °С in the north and -3,4 °С in the south of the basin, while July is the warmest month with average temperatures of 18,0 °С and 23,3 °С, respectively. . The period from freeze-up to ice break-up is from December to the first-second weeks of March. The freeze-up is unstable.
Data and methods
Database of the average annual discharge of the Southern Buh River Basin was created in the first stage of the investigation. The historical data series from 37 gauging stations which are located on the one small (Fbasin = 10-100 km 2 ), five medium (Fbasin = 100-1000 km 2 ), 14 large (Fbasin =1000-10000 km 2 ) and two very large (Fbasin =>10000 km 2 ) rivers according to (WFD 2000) were used. It were taken from the archive of Central Geophysical Observatory of our country. The period of observation on these water bodies is from 60 (Hromokliya river -Mykhailivka village) to 98 (Southern Buh River -Sabariv town) years (since the beginning of the observations to 2012) ( Table  1 ).
In the papers Kundzewicz and Robson (WMO-No. 168, 2009) showed that the statistical criteria to analysis of hydrological series of observations should be used only after their transformation (with applying the verification of the results by graphical methods and historical data), because these series are characterized by some features. Therefore, in this paper the methodological approaches based on using hydro-genetic methods for estimation the homogeneity and stationarity of hydrological series are used. This approach was developed by Gorbachova (Gorbachova, 2014) .
So, the homogeneity of the time series is the absence of unidirectional changes of the hydrological characteristic (refers to a one genetic series -floods, rain floods etc.) over time against the backdrop its variability due to the long-term cyclical fluctuations. The stationarity of the time series is the stable of average value hydrological characteristic over time if the time series has at least one full closed cycle (dry and wet phase) of the long-period fluctuations. These two definitions are the identical concepts, particularly when the time series has the representative period for determination of the stable of average value. If the observation series do not have a representative period, then the observation series is quasi-stationary if such observation series is homogeneous. Necessarily to use the following provisions:
(i) in the hydrological series need to restore the gaps in observations and bring them to a long-time period, that allows to trace the temporal dynamics of hydrological characteristics over a longer time interval; (ii) the homogeneity of the hydrological characteristic over time is researching with the mass curve; (iii) the stationarity of the hydrological characteristic is researching with the residual mass curve. In order to clarify the results obtained (if necessary) other hydro-genetic methods and approaches can be used (the analysis of meteorological factors of the flow formation, the combined graphics etc.). In this research the mass and residual mass curves, the combined chronological graphs were used. The mass curve is used to detect the influence of anthropogenic factors (hydraulic structures, canals) and of climate change (the presence of trends in the data series). If the mass curve will not be characterized by "jumping", "emissions" or unidirectional deviation, then the forming process of the flow in the study area is homogeneous, and conversely. The mass curve is defined by formula (Rippl, 1883) :
where W is the total flow of the river for period time  and t) w( is the flow of t-th year.
The cyclical fluctuations of average annual discharges, consequently, their stationarity are defined by the residual mass curve that is defined according to (Andreyanov, 1959) :
where Cv is the variation coefficients of streamflow,
is the modular ratio, ) (t Q is the discharge of t-th year and 0 Q is the average discharge for the time period T. The combined chronological graph of characteristics allows defining synchrony/asynchrony of long-term fluctuations in different rivers within the one hydrological homogeneous area. In turn, the synchronous fluctuations indicate on the homogeneous climatic conditions of flow formation.
For comparison of the results the graphs of the long-term dynamics and the residual mass curves were created in the modular ratio ( A K ) according to:
where i A is the value i -element of the series and A is the average of the series. The analysis of long-term fluctuations of the flow, the determination of regularity, trends and main features such fluctuations can be done only based on the long-term and continuous of the data of observations. However, in some years for several rivers the observations were not carried out. Thus, the gaps in the data of observations were restored by method of the regression on the variable based on the data of the analogues rivers. This method consists in the calculating the regression equation by using the data of the analogues rivers. The restore of data is carrying out provided that
where R is the correlation factor between the values of the discharges in the brought gauging stations and analogue gauging stations; n is the number of the joint years of the observations in the brought gauging stations and analogue gauging stations; k is the regression coefficient; k σ is the standard deviation of the regression coefficient.
Incidentally, this methodological approach can be used to study any catchment by size (small, medium or large).
RESULTS
Analysis of homogeneity of with the mass curve
For 35 (from 37) gauging stations the data of observations of the average annual flow were restored and prolonged to the long-term period with linear regression. The graphs of the mass curves of the average annual flow for all rivers of the Southern Buh River Basin were created. It doesn't have any significant points of the fracture of the directions of the curves, i.e. the series of observations are the homogeneous (Gorbachova&Bauzha, 2012 Koshkina&Gorbachova, 2013) . Examples of such curves are shown in Figures 2а, 2b for some rivers. Some slight variations in the curves direction (Figures 2a, 2b) are associated with long-term cyclical fluctuations (Figures  2c, 2d) . However, such variations do not break the general trend of the curve, therefore, the series of observations are homogeneous. 
Analysis of stationarity of the average annual flow and its cyclical fluctuations
The analysis of the residual mass curve showed that the fluctuations of the average annual flow is synchronous at all gauging stations of the Southern Buh River Basin (Figures 3, 4a) . Table 1) Thus, the climatic conditions of formation of the flow are homogeneous and the observations data are stationary. However, these fluctuations are not always synchronous phase. We found out three types of cyclical fluctuations of the average annual flow (Figures 4b, 4c, 4d) .
Beginning of the observations for most the gauging stations were 1914-1916 years. This period was chracterized by dry phase of the hydrological cycle. The gauging stations № 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 ( Figure 1 ) since the beginning of the observations and to end 60's of the 20 th century had the dry period, and since the beginning 1970's to middle 1980's -wet period that gradually transformed in dry period (Figure 4b ). On the 15 gauging stations (№ 15, 18, 21, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 36) (Table 1, Figure 1 ) since the beginning of observations and to the end 40's of the 20 th century was the wet phase of the hydrological cycle that transformed in dry phase (Figure 4c ). The exceptions are some years in which periods of increasing the average annual flow was detected. The gauging station Synytsya River -Lyubashivka village (Figure 4c ) is characterized by two periods: from the beginning of observations till 1970 -wet period, and from 1971 till 2012 -dry period. The gauging stations № 16, 19, 20, 22, 33, 34, 35, 37 ( Figure 1 ) since the beginning of observations is characterized by the dry period (Figure 4d ). This phase is changing by wet phase and continues until the end 40's of the 20 th century. Before the begin 60's of the 20th century decrease of flow and its fluctuations are observed. These three types of cyclical fluctuations are similar to hydrological zoning for intra-annual distribution of stream-flow of the Southern Buh River Basin (Gorbachova&Vasil'eva, 2013) . Therefore, the analysis of the long-term fluctuations of the average annual flow of the rivers of the Southern Buh River Basin showed that the series of observations are homogeneous and stationary in accordance with the hydro-genetic methods.
The analysis of cyclical fluctuations of the average annual flow of the rivers of the Southern Buh River Basin showed that for many rivers the determination of the full cycle fluctuations, their duration and duration of individual phases was impossible. This situation is associated with short length of the series of observations, and as a result -the absence of distinct cycles in the series of observations. Thus, in consequence of prolongation of the length of the time series of the average annual discharges in the study area, the cyclical fluctuations will become clearer configuration. It is will allow to determinate the representative period for statistical calculations. In general, in the last decade the average annual flow of the Southern Buh River Basin fluctuates and has decreasing trend. It is due to the cyclical fluctuations of the river flow.
Calculation of the statistical characteristics of the average annual discharges
The calculation of the statistical characteristics of the average annual discharges was carried out by the methods of the maximal probability (Table 2) . Table 2 . Basic statistical characteristics of the average annual discharges series in the rivers of the Southern Buh River Basin, for periods: since the beginning of the observations to 2012
In general, the coefficients of variation (Cv) are changed in the following range: from 0.26 (Southern Buh River -Selyshche village) to 0.70 (Hromokliya River -Mykhailivka village), and the coefficients of asymmetry (Cs) -from -0.11 (Sob River -Zoziv village) 
DISCUSSION
The analyses of historical hydrological observation series of the average annual flow of Southern Buh River Basin allowed made of some important findings. The fact that the study of water flow in Ukraine and abroad, mainly based on the statement about breach of stationarity and homogeneity of series of observations. Herewith, the estimation stationarity and homogeneity is carried out by use one or two identical statistical methods. On one side, these approaches seems acceptable, but on the other, it is not allowed reliably determine the causes of breach of stationarity series of observations, because statistical methods are do not take into account the physical conditions of formation of the hydrological characteristics of the flow (Gorbachova, 2014) . Usually, the detected inhomogeneity of series the authors are explaining only impact of climate change (Vishnevsky, 2001; Pecarova et al., 2006; Ovcharuk, 2010; Gailiušis et al., 2011 and other) . Therefore, arise the discussion related with obtaining correct and reliable evaluation of homogeneity and stationarity of time series, because researches the impact of fluctuations of climatic elements on the hydrological characteristics of the flow can carry out only in the presence in observation series the homogeneous and independent elements. In ours previous studies (Gorbachova&Bauzha, 2011 , 2012 , based on comparative analysis of two groups of methods of the estimation homogeneity and stationarity of flow has been proven that hydro-genetic methods have a significant advantage over statistical methods, because they can carry out the physical (genetic) analysis homogeneity of hydrological series. The results of this paper are similar to previous our researches, that the average annual flow of the Southern Buh River Basin, as well as in other river basins of Ukraine (according to research scientists of our institute (Ukrainian hydrometeorological institute)) has not unidirectional changes. It is characterized the cyclicity, homogeneity and stationarity by hydro-genetic methods. The exception is the rivers with significant anthropogenic influence.
The average annual river flow is characterized by the synchronous fluctuations in all physicgeographic zones of Ukraine. Furthermore, the presence of periodic cyclical fluctuations in annual average river flow is confirmed by studies many Ukrainian and foreign scientists (Pecarova et al., 2006; Mazvimavi&Wolski, 2006; Grebin, 2004) . For example, scientists from Latvia, according to the results of own researches affirmed the presence of periodic oscillations of the discharge intensity on the major rivers of their country (Klavins et al., 2002) . Ukrainian scientist Grebin V. relates the change annual flow Ukraine primarily with fluctuations of annual precipitation amounts (Grebin, 2004) .
CONCLUSIONS
Our analyses provide an important insight of general patterns of the average annual flow of the rivers of the Southern Buh River Basin. We made the estimation of the homogeneity and stationarity of the long-term fluctuations of the average annual flow of rivers of the study basin over time. It showed that the series of observations in all gauging stations are homogeneous and stationary in accordance with the hydro-genetic methods. However, not all series of observations has at least one full closed cycle (i.e. are not representative for determination of the stable average value) of the long-term fluctuations. Therefore, the flow on such rivers are quasi-stationary.
In the cyclical fluctuations of the average annual discharges of the rivers of the study area showed several features. The analysis of the residual mass curve showed that the fluctuations of the average annual flow at all gauging stations is synchronous. Therefore, the climatic conditions of formation of the flow are homogeneous. However, these fluctuations are not always synchronous phase. In the last decade the average annual flow of the Southern Buh River Basin has fluctuated and had decreasing trend. It is due to cyclical fluctuations of the river flow. The rivers of the Southern Buh River Basin are characterized by the decrease in flow mainly from north-west to south.
The results analysis of changes of river flow depend on the availability and length of longterm data series. In this paper, in general, the series of observations of the average annual discharges are not representative for determination of the calculation characteristics, including longterm average value. Its statistical characteristics need to be recalculated every 5 years. The calculated statistical parameters of time series of the average annual discharges will become more reliable in case of presence of full hydrological cycles (wet and dry phase) in consequence of prolongation of the length data of observations in the gauging stations. Results of the study can be used by scientific and project organizations for getting more reasonable and reliable analysis of time series of observations, and for regional planning and management of water resources in the Southern Buh River Basin.
